ABSTRACT In western North America, infestations of the hemlock woolly adelgid, Adelges tsugae Annand (Hemiptera: Adelgidae), are common on orchard, ornamental, and roadside western hemlock, Tsuga heterophylla (Raf.) Sargent. However, these infestations rarely cause T. heterophylla mortality. Host tolerance and presence of endemic predators may be contributing to the relatively low levels of injury to T. heterophylla caused by A. tsugae. In the Þeld survey, a total of 509 adult parasitic Hymenoptera representing 19 families and at least 57 genera were collected from T. heterophylla. Nonparametric analysis of community structure showed Pachyneuron spp. were strongly correlated to abundance of their Leucopis spp. hosts and to A. tsugae population score in the Þeld. The possible impact of parasitism on Leucopis spp., potential A. tsugae biological control candidates for the eastern United States, is discussed.
In western North America, the hemlock woolly adelgid, Adelges tsugae Annand (Hemiptera: Adelgidae), is found from northern California to southeastern Alaska where its hosts are western hemlock, Tsuga heterophylla (Raf.) Sargent, and mountain hemlock, Tsuga mertensiana (Bong.) Carriè re (Annand 1924 , McClure 1992 . A. tsugae rarely causes mortality to hemlocks in western North American forests; however, A. tsugae can reach high densities on orchard and ornamental T. heterophylla and occasionally cause injury and mortality (Furniss and Carolin 1977 , McClure 1987 , 1992 . In its native range of Asia, A. tsugae is also an innocuous herbivore of Japanese hemlocks [Tsuga diversifolia (Maxim.) (Havill et al. 2006) .
In the eastern United States, A. tsugae is an introduced pest of eastern hemlock, Tsuga canadensis L. Carriè re, and Carolina hemlock, Tsuga caroliniana Engelmann (McClure et al. 2001) . A. tsugae infestation has led to high levels of mortality in T. canadensis from northeastern Georgia to southwestern Maine . Unlike related families of Aphidoidea, adelgids have no known parasitoids Lyon 1996, Cheah et al. 2004 ). Therefore, current efforts to prevent A. tsugaeÐ caused hemlock mortality in eastern North American forests are focused on developing a classical biological control program using insect predators and/or entomopathogens collected from Asia and western North America (McClure 1992 , Ward et al. 2004 .
In a concurrent study, we surveyed predators associated with A. tsugaeÐinfested western hemlock in western Oregon and Washington for 2 yr to identify potential candidates for A. tsugae biological control in the eastern United States (Kohler et al. 2008) . Two species of Chamaemyiidae (Diptera) that are specialist predators of adelgids, Leucopis argenticollis (Zetterstedt: Chamaemyiidae) and L. atrifacies (Aldrich), were abundant and seemed to be synchronized with the A. tsugae life cycle (McAlpine and Tanasijtshuk 1972 , Greathead 1995 , Tanasijtshuk 2002 , Kohler et al. 2008 . However, several species of Chamaemyiidae that feed on adelgids, including Leucopis spp., have been shown to be susceptible to parasitism by Þgitid and pteromalid (Hymenoptera) pupal parasitoids, which could limit their effectiveness as biological control agents (Wilson 1938 , Brown and Clark 1956 , Mitchell 1962 , Rao and Ghani 1972 . In the process of rearing immature A. tsugae predators in the laboratory for our predator study, we observed several parasitoid species emerging from the puparia and cocoons of dipteran and neuropteran predators, including Leucopis spp. (Kohler 2007) . Additionally, all hymenopterous parasitoids collected from T. heterophylla in beat samples were identiÞed and counted (Kohler 2007) .
In this paper, we report (1) the species of hymenopterous parasitoids reared from A. tsugae predator hosts, (2) adult hymenopterous parasitoids collected from A. tsugae-infested and uninfested T. heterophylla in Oregon and Washington at regular intervals over 2 yr, (3) relationships among parasitoids and their predator hosts in the Þeld through nonparametric community structure analysis, and (4) the seasonal presence of adult hymenopterous parasitoids on T. heterophylla.
Materials and Methods
Laboratory Rearing. In the concurrent A. tsugae predator survey, insect predators were collected every 4 Ð 6 wk over 23 mo beginning January 2005 by beat sampling a 0.5-m 2 area of A. tsugaeÐinfested branches on 116 western hemlocks at 16 sites in western Oregon and Washington (Kohler et al. 2008) . Immature holometabolous predators collected in the predator survey were brought to the laboratory for rearing to facilitate identiÞcation. At the same time, T. heterophylla twigs varying in length from 3 to 10 cm with heavy A. tsugae infestation (Ͼ2 A. tsugae woolly masses per centimeter twig length) were removed and brought to the laboratory as a food supply for immature predators. The number of twigs collected depended on the number of predators to be reared. Twigs were placed in ßoral foam moistened with methylparaben (0.42 g/250 ml deionized water) to prevent fungal growth and kept in 9-dram plastic vials covered with Þne mesh screen (Zilahi-Balogh et al. 2003) . The rearing containers were held in a controlled environment chamber simulating outside light duration and temperature conditions. The artiÞcial light regimen ranged from 10 L:14 D to 16 L:8 D, and temperatures ranged from 5 to 25ЊC through the year. Adult hymenopterous parasitoids that emerged from immature predators were killed in sealed 9-dram plastic vials using a Hot Shot No-Pest Insecticide Strip (Spectrum Brands, Atlanta, GA).
Field Survey for Parasitoids on T. heterophylla. Mature T. heterophylla in ornamental plantings, seed orchards, and along roadsides infested with A. tsugae were surveyed by beat sampling for arthropods every 4 Ð 6 wk over 23 mo beginning January 2005. These locations were selected because A. tsugae infestations are rare in natural forest settings in the PaciÞc Northwest. One hundred sixteen sample trees were established at 16 sites within 10 counties in western Oregon and Washington ranging from Corvallis, OR, to Whidbey Island, WA. Fourteen uninfested T. heterophylla were also sampled at Þve of these sites. Sites are described in Kohler et al. (2008) .
Sampling methods were modiÞed from Montgomery and Lyon (1996) and Wallace and Hain (2000) . Three branches per tree with similar A. tsugae density were selected at each visit and struck four times with PVC pipe above a plastic container with area of 0.16 m 2 . The density of A. tsugae woolly masses in each sample area was visually estimated and recorded at each visit. All 0.16-m 2 samples were assigned an A. tsugae population score at each visit based on the number of ovisacs visible in the sample area using the following scale: 0 ϭ no ovisacs present, 1 ϭ 1Ð25 ovisacs, 2 ϭ 26 Ð100 ovisacs, 3 ϭ Ͼ100 ovisacs. The three scores were averaged for a single value per pooled 0.5-m 2 sample. Samples were pooled for each tree. We sampled areas anywhere along the branch from tip to bole in the lower canopy (Ͻ2.5 m height). Parasitoids were killed in sealed 9-dram plastic vials using Hot Shot No-Pest Insecticide Strip (Spectrum Brands). Adult specimens were either identiÞed by taxonomists or by the authors using keys (Borror et al. 1989 , Bouč ek and Heydon 1997 , Masner 1980 ) and comparison to previously identiÞed museum specimens in the Oregon State Arthropod Collection. Voucher specimens have been deposited in the Oregon State Arthropod Collection, Department of Zoology, Oregon State University, Corvallis, OR (Accession 00210).
Insect Community Structure Analysis. The nonmetric multidimensional scaling (NMS) analysis of the predator community (Kohler et al. 2008 ) was repeated for this study with the addition of parasitoid taxa to elucidate relationships between parasitoids and potential predator hosts in the Þeld. In addition, a separate NMS ordination of the parasitoid community without the inßuence of predators was generated.
Both NMS ordinations were performed with PC-ORD software Version 5.57␤ Mefford 1999, McCune and Grace 2002) . NMS was performed on sample unit ϫ taxa abundance matrices. To reduce the effect of seasonality on taxa abundance, sample units (SUs) were pooled tree samples from a single site with abundance values summed over 1 yr from December 2005 through November 2006. To correct for uneven sample size, the abundance of each taxon was divided by the number of 0.5-m 2 samples collected at each site over time. Five sites had both A. tsugaeinfested and uninfested trees; these sites were each divided into two separate SUs, for a total of 16 infested and 5 uninfested SUs. Rare insect taxa present in Ͻ10% of SUs were excluded from the analysis. NMS was performed using PC-ORD in autopilot mode with a Sørenson distance measure. Random starting points were used to begin 250 runs each of real and random data with a maximum of 500 iterations per run. Dimensionality of the ordination was determined by meeting criteria of lowest signiÞcant reduction in stress and minimum instability (Kruskal 1964) .
NMS Ordination of Combined Predator and Parasitoid Communities. For the ordination of combined predator and parasitoid communities, the insect taxa abundance matrix of the 69 most abundant insects included 39 predator taxa, 6 phytophagous taxa, 9 parasitoids identiÞed to family, 12 parasitoids identiÞed to genus, and 3 parasitoids identiÞed to species. Some taxa were highly abundant relative to others by as much as three orders of magnitude in some SUs. Therefore, data were log transformed {[log(x ϩ 0.1)] ϩ 1} before analysis. To further equalize the inßuence of abundant and uncommon families, relative SU abundances were calculated as a percentage of the maximum value for each taxon. These adjustments reduced the ␤ diversity expressed as half-changes (␤ D ), skewness of taxa totals, and variability among taxa and SU totals (coefÞcients of variation) in the taxa matrix. A second matrix, SU ϫ environmental variable, contained latitude (N) and A. tsugae population score data averaged across each SU. These environmental variables were independently overlaid on the ordination as vectors in a joint plot. The vectors indicate the strength and direction of variation in the insect community caused by the environmental variables.
NMS Ordination of the Parasitoid Community. For the ordination of the parasitoid community, the parasitoid taxa abundance matrix of the 24 most abundant parasitoids included 9 identiÞed to the family level, 12 identiÞed to genus, and 3 identiÞed to species. Some taxa were highly abundant relative to others by as much as two orders of magnitude in some SUs. Therefore, data were log transformed {[log(x ϩ 0.1)] ϩ 1} before analysis. The log transformation reduced the variability among taxa and SU totals (coefÞcients of variation) in the taxa matrix. One A. tsugae-infested and one uninfested SU in which no parasitoids were collected were both removed before analysis. Outlier analysis using the Sørenson distance measure detected one A. tsugae-infested SU that was a strong outlier in the parasitoid taxa abundance matrix. SD of distances from other SUs was Ͼ2 and in the NMS ordination it was peripheral with repulsion to the main grouping of SUs; for these reasons, the outlier was removed before analysis. All three removed SUs were sites in Washington state. Fourteen A. tsugae-infested and four uninfested SUs were used to create the NMS ordination of the parasitoid community. The SU ϫ environmental variable matrix contained latitude (N), A. tsugae population score, and log transformed {[log(x ϩ 0.1)] ϩ 1} abundance of nine immature predator families averaged across each SU. These environmental variables were used to generate a joint plot as described in the previous section. Four parasitoid species were reared from Syrphidae (Diptera) puparia. Fourteen adult Syrphoctonus pallipes (Gravenhorst) (Ichneumonidae) were reared, making it the most common syrphid pupal parasitoid. Twelve Syrphophagus sp. (Encyrtidae), six Pachyneuron albutius Walker (Pteromalidae), and two Woldstedtius flavolineatus (Gravenhorst) (Ichneumonidae) adults were also reared from syrphid puparia. All 12 adult Syrphophagus sp. emerged from a single syrphid puparium. All six adult P. albutius also emerged from a single syrphid puparium. Syrphid pupae suffered a high parasitism rate of 90% (n ϭ 20). The two surviving adult syrphids were Syrphus opinator (Osten Sacken). One Helorus sp. (Heloridae) adult emerged from a Chrysoperla sp. (Neuroptera: Chrysopidae) cocoon. No parasitoids emerged from live A. tsugae kept in the laboratory.
Results

Laboratory
Field Survey for Parasitoids on T. heterophylla. A total of 509 adult parasitic Hymenoptera representing 19 families were collected from T. heterophylla in the Þeld over a 23-mo period. Within the 57 genera identiÞed, 10 species were identiÞed, and an additional 107 distinct morphological forms unidentiÞable to species were noted (Table 1) . Of the parasitoids reared from A. tsugae predators in the laboratory, Pachyneuron spp., Melanips sp., S. pallipes, and W. flavolineatus were also collected as adults from T. heterophylla in the Þeld survey. However, Syrphophagus and Helorus adults were not collected in the Þeld (Table 1) . Ichneumonidae was the most diverse and the most abundant parasitoid family collected (24 genera; 33% of parasitoids collected). Scelionidae and Pteromalidae were also abundant, representing 22 and 15% of parasitoids collected, respectively. Trissolcus (Scelionidae) was the most commonly collected genus (15% of parasitoids collected), followed by, in order of abundance, Aclastus (Ichneumonidae), Gelis (Ichneumonidae), Pachyneuron (Pteromalidae), Plectiscidea (Ichneumonidae), Telenomus (Scelionidae), Aclista (Diapriidae), and Melanips (Figitidae) ( Table 1) .
Relative abundances of parasitoid taxa were compared between 998 A. tsugae-infested (I) and 223 uninfested (UI) tree samples from Þve sites over 23 was not collected in sufÞcient numbers at these sites to make a comparison. Because A. tsugae has no parasitoids, all hymenopterous parasitoids collected in this study were presumably attacking arthropods other than A. tsugae. There are numerous potential arthropod hosts associated with T. heterophylla in the PaciÞc Northwest. At least 106 families of insects in 11 orders were identiÞed during the 2-yr survey of T. heterophylla (Table 2) . Noninsect arthropods collected from T. heterophylla during the survey include Araneae, Acari, Pseudoscorpiones (all Arachnida), and Polyxenida (Diplopoda) ( Table 2) .
Insect Community Structure Analysis: NMS Ordination of Combined Predator and Parasitoid Communities. A three-dimensional NMS solution was selected based on lowest stress of 11.72 with the highest rate of stress reduction evident in the NMS scree plot. Monte Carlo tests were signiÞcant for three dimensions, and the solution was stable (P ϭ 0.0196, instability Ͻ 1 ϫ 10
Ϫ5
). The cumulative proportion of total variance represented (r 2 ) by the three axes was 0.86. ␤ diversity as expressed in half-changes (␤ D ) was 2.0 for the 69 most common insect taxa across all sample units.
The ordination of axis 3 on 1 was rotated to load all the variation of A. tsugae population score on axis 1 (Fig. 1) . In this orientation, A. tsugae population score seems to be a strong gradient within the insect community (r 2 ϭ 0.80)Ñstronger than the inßuence of latitude (r 2 ϭ 0.19). This orientation was used to generate correlation statistics of insect taxa with axis 1, thereby quantifying any possible association with A. tsugae population score. The overlay of weighted taxon averages (centroids) in Fig. 1 shows two groupings of insect taxa strongly correlated with axis 1 (r 2 Ͼ 0.2). The nine taxa centroids circled to the right of the ordination center were positively correlated with axis 1, indicating a positive association with A. tsugaeinfested trees. Eight of the nine predator taxa that were positively correlated with A. tsugae population score in Kohler et al. (2008) showed the same rela- tionship when 24 parasitoid taxa were added to the community analysis (Fig. 1) . Pachyneuron spp. were the only parasitoids with a strong correlation to the A. tsugae population score gradient. Immature Leucopis spp., hosts to Pachyneuron spp., also had a strong correlation with A. tsugae population score. The Þeld data indicate that Pachyneuron spp. have a strong relationship with their chamaemyiid hosts and/or A. tsugae population score. The centroid circled to the left of center, Plectiscidea spp., were the only parasitoids to have a strong negative correlation with A. tsugae population score (Fig. 1) . NMS Ordination of the Parasitoid Community. A three-dimensional NMS solution was selected based on lowest stress of 12.57 with the highest rate of stress reduction evident in the NMS scree plot. Monte Carlo tests were signiÞcant for three dimensions, and the solution was stable (P ϭ 0.0279, instability ϭ 0.0035). The cumulative proportion of total variance represented (r 2 ) by the three axes was 0.78. ␤ diversity as expressed in half-changes (␤ D ) was 2.7 for the 24 parasitoid taxa across all sample units.
The arrangement of SUs in the ordination is based only on parasitoid taxa abundance and composition. Overlay of immature insect vectors in the joint plot show the strength and direction of variation in the parasitoid community that may be caused by the abundance of any immature potential hosts. The ordination of axis 3 on 1 was rotated to load all the variation of latitude onto axis 1 (r 2 ϭ 0.73; Fig. 2 ). This orientation was also used to generate correlation statistics of parasitoids with both axes 1 and 3. The overlay of weighted taxon averages (centroids) circled in Fig. 2 shows two groupings of parasitoids that were correlated with axis 1 (r 2 Ͼ 0.2) and one group correlated with axis 3 (r 2 Ͼ 0.18).
Latitude was the strongest explanatory variable for parasitoid community structure in any orientation (data not shown). The second strongest explanatory variable, A. tsugae population score (axis 1; r 2 ϭ 0.45), always varied in the same direction as latitude (Fig. 2) . Mean (ϮSE) A. tsugae population score was higher at Washington sites (2.66 Ϯ 0.02, n ϭ 865) than those in Oregon (1.75 Ϯ 0.02, n ϭ 1,467) for all beat samples taken over 23 mo.
With all the variation caused by latitude loaded onto axis 1, the variation shown by four immature predator vectors have a strong (r 2 Ͼ 0.2) correlation with either axis. Vectors of Hemerobiidae (r 2 ϭ 0.32), Laricobius spp. (r 2 ϭ 0.22), and Leucopis spp. (r 2 ϭ 0.34) larvae are all positively correlated with axis 1, which is a gradient of increasing latitude and A. tsugae population score. The Syrphidae larvae vector is negatively correlated with axis 3 (r 2 ϭ 0.23). The vector of Leucopis spp. larvae abundance points toward the centroids of two genera conÞrmed as Leucopis spp. Parasitoids: Pachyneuron spp. and Melanips sp. (Fig. 2) . The Pachyneuron spp. abundance centroid is strongly positively correlated to axis 1 (r 2 ϭ 0.6). Correlation of Melanips sp. to axis 1 is positive but very weak (r 2 ϭ 0.09). Likewise, the Syrphid larvae vector also points toward the centroid of a conÞrmed syrphid parasitoid, S. pallipes, and unidentiÞed Pteromalidae, which are also potential syrphid parasitoids. Both S. pallipes and unidentiÞed Pteromalidae centroids were negatively correlated to axis 3 (r 2 ϭ 0.18 and 0.25, respectively). However, Aclista spp. sp. (Pteromalidae) (r 2 ϭ 0.26), and unidentiÞed Proctotrupidae (r 2 ϭ 0.44) also show negative correlations to axis 3. Telenomus spp. and Trissolcus spp. were the only parasitoids that had a negative correlation with axis 1 (r 2 ϭ 0.23 and 0.32, respectively).
Discussion
Of the seven parasitoid species that were conÞrmed to attack syrphid and chamaemyiid pupae in this study, Pachyneuron spp. were the only parasitoids to show a strong correlation with A. tsugae population score in Þeld collections (Figs. 1 and 2) . Pachyneuron spp. were also the only conÞrmed parasitoids of A. tsugae predators collected exclusively from A. tsugae-infested trees at Þve sites. No immature chamaemyiid or syrphid hosts were collected from uninfested T. heterophylla at the same Þve sites in our concurrent predator survey (Kohler et al. 2008) . These results indicate that Pachyneuron spp. may have a speciÞc ability to locate the habitat of their dipteran hosts without using cues from the uninfested host tree. Possible host habitat location strategies for Pachyneuron spp. include cueing into volatiles released by T. heterophylla in response to feeding by A. tsugae or the chemical signature of A. tsugae itself (Vinson 1976, Vet and Dicke 1992) . A. tsugae infestation has been shown to increase production of several monoterpenes by T. canadensis in Virginia (Broeckling and Salom 2003) .
Latitude was the variable with strongest inßuence on parasitoid community structure. However, when the predator and parasitoid communities were combined for analysis, the inßuence of latitude on community structure was overwhelmed by that of A. tsugae population score. The specialist adelgid predators, derodontids and chamaemyiids, dominate insect community structure because of their high abundance and correlation with A. tsugae population score on T. heterophylla. When examined separately, parasitoid community structure may also be inßuenced by variation in A. tsugae population score and the abundance of larvae in four predatory families: hemerobiids, derodontids, syrphids, and chamaemyiids. Hemerobiid, derodontid, and chamaemyiid larval abundance tended to vary with A. tsugae population score, as they did when parasitoid and predator communities were combined for analysis. In the parasitoid community, variation caused by syrphid larvae abundance was negatively correlated with axis 3. Correspondingly, syrphid larvae did not have a strong relationship to A. tsugae population score when parasitoid and predator communities were combined for analysis. Several parasitoid centroids circled in the bottom right of Fig.  2 were also negatively correlated with axis 3. Envi- ronmental variables that could explain the axis 3 gradient are unknown; however, because these centroids are located on the right side of the ordination, their presence may be somewhat inßuenced by increasing A. tsugae population score and latitude.
The majority (77.2%) of A. tsugae predators in the PaciÞc Northwest are either Coleoptera or Diptera (Kohler et al. 2008) . Our rearing records indicate that dipteran predators of A. tsugae are more susceptible to parasitism than coleopteran predators. This may have implications for the efÞcacy of dipteran predators as biological control agents. Of the dipteran predators recovered in our concurrent survey, L. argenticollis and L. atrifacies are the most likely to be evaluated as candidates for A. tsugae biological control (Kohler et al. 2008) . Rearing results over 2 yr show that Leucopis spp. mortality from parasitism did not exceed 23%. To determine whether this parasitism rate is a key mortality factor for Leucopis spp., a closer examination of the population dynamics between Leucopis spp. and their parasitoids using life tables or key factor analysis will be required (Hassell and Waage 1984) . We recorded a high mortality rate in syrphid pupae caused by four parasitoid species. Similar studies have shown that, in addition to being generalists, the appeal of syrphids as biological control agents is further reduced because of vulnerability to heavy parasitism by ichneumonid, encyrtid, and pteromalid wasps (Brown and Clark 1956 , Mitchell 1962 , Rao and Ghani 1972 . No mortality caused by parasitism has been reported in three well-studied coleopteran specialist predators of A. tsugae that have been released in the eastern United States to control A. tsugae on eastern hemlocks ). This includes L. nigrinus, the most abundant native A. tsugae predator in the PaciÞc Northwest (Zilahi-Balogh et al. 2003 , Kohler et al. 2008 .
The effects of parasitoids on the population dynamics of predatory biological control agents are not well studied. In a thorough review of top-down effects on populations of various biological control agents, Rosenheim (1998) discussed the lack of research on the effects parasitoids have on a predatorÕs ability to suppress herbivore populations. However, primary parasitoids of predators are generally considered detrimental to biological control of sternorrhynchan (Hemiptera) pests (Balch et al. 1958 , Rosen and KÞr 1983 , Brodeur and McNeil 1994 , Brodeur 2000 . The effect of hyperparasitism on parasitoid biological control agents has been examined and the actual impact on the target herbivore population is highly variable depending on the community studied (Rosenheim 1998 , Brodeur 2000 . In some cases, the presence of hyperparasitoids may actually regulate the population of a primary parasitoid and consequently reduce the magnitude of periodic outbreak cycles in the target pest population that are sometimes seen in biological control programs (Luck et al. 1981) . In general, obligate hyperparasitoids are more detrimental to herbivore suppression than facultative hyperparasitoids (Hassell and Waage 1984, Rosenheim 1998) . The parasitoids of A. tsugae predators reared in our study are ecologically similar to obligate hyperparasitoids because they cannot function as facultative primary or secondary parasitoids of the parasitoid resistant A. tsugae. No parasitoids were reared from live A. tsugae during our laboratory study, which supports previous statements that A. tsugae has no parasitoids Lyon 1996, Cheah et al. 2004) .
At least two species of Pachyneuron can either develop as facultative hyperparasitoids of Sternorrhyncha or as primary parasitoids of dipterans that prey on Sternorrhyncha. KÞr and Rosen (1981) observed that Pachyneuron muscarum L. (concolor Fö rster), a primary parasitoid of Leucopis, is also hyperparasitic on hymenopterous parasitoids of coccids. We have reared P. albutius as a primary parasitoid of syrphid pupae. However, P. albutius has also been recorded as a hyperparasite of parasitoids that attack pear psyllid, Cacopsylla pyricola (Fö rster) (Hemiptera: Psyllidae), in Washington State (Paulson and Akre 1991) . Because A. tsugae has no parasitoids, the Pachyneuron spp. we have collected and reared from the A. tsugae fauna are unable to act as facultative hyperparasitoids unless they attack the primary parasitoids of scale insects (Coccidae), aphids, and psyllids. Hosts in these families are present on T. heterophylla in the PaciÞc Northwest (Kohler et al. 2008; G.R.K., unpublished data) .
Five of the six parasitoid genera that were reared from A. tsugae predators in our study are represented in the parasitoid fauna associated with predators of other adelgid species. Several studies of predators for Adelges piceae (Ratzeburg) (Hemiptera: Adelgidae) biological control programs beginning in the 1950s include detailed parasitoid host records. Mitchell (1962) recorded Leucopis spp. pupae as hosts of a Pachyneuron sp. in a survey of native predators of A. piceae in the PaciÞc Northwest. Pachyneuron altiscutum Howard, native to eastern North America, has been recorded as a parasitoid of two native chamaemyiid predators of A. piceae and two exotic chamaemyiids introduced to eastern Canada for A. piceae biological control Clark 1956, Smith and Coppel 1957) . Rao and Ghani (1972) Pachyneuron spp., Syrphophagus spp., and Syrphoctonus spp. have been commonly reared from adelgidophagous syrphid puparia (Brown and Clark 1956 , Mitchell 1962 , Rao and Ghani 1972 . P. albutius (allograptae) have been reared from puparia of three syrphid species, including S. opinator, that prey on A. piceae in North America Clark 1956, Mitchell 1962 ). There are no records of Woldstedtius spp. associated with adelgids; however, W. flavolineatus is known to parasitize immature aphidophagous syrphids in North America and Europe (Carlson 1979, Rojo and Marcos-Garcia 1997) .
Published associations between Pachyneuron and Leucopis in the Nearctic seem to be restricted to species of Leucopis that prey on adelgids (Mitchell 1962) . Leucopis spp. that feed on Sternorrhyncha have been recorded as hosts of Pachyneuron species throughout the Palearctic region (Rao and Ghani 1972 , Monaco 1977 , Rosen and KÞr 1983 , Manawadu 1986 , Chakrabarti et al. 1990 , Panis 2005 . The unidentiÞed Pachyneuron sp. new to North America that we reared from Leucopis spp. puparia is morphologically similar to P. leucopiscida Mani (G.A.P. Gibson, personal communication). Hosts of P. leucopiscida include six European and one Asian Leucopis species that are predators of aphids (Chakrabarti et al. 1990 , Panis 2005 . Rosen and KÞr (1983) observed that Pachyneuron muscarum L. (concolor Fö rster) larvae feed as ectoparasites within the puparium of Leucopis spp. that are predators of scale insects (Hemiptera: Coccidae). The Pachyneuron spp. we reared from Leucopis spp. puparia may also feed in this manner. We observed multiple adults of P. albutius and Syrphophagus sp. emerging from single syrphid puparia. Kamal (1926) also found P. albutius (allograptae) to be a gregarious parasitoid of syrphid puparia. Jankowska (2004) also reported gregarious parasitism of syrphids by Pachyneuron and Syrphophagus species.
Ichneumonids Aclastus spp. and C. gastricus were collected in higher numbers from A. tsugaeÐinfested trees compared with uninfested trees at Þve sites. Aclastus spp. were the most abundant of the parasitoids that were associated with A. tsugae-infested trees. Although more highly correlated with axis 3 in the parasitoid community ordination, Aclastus spp. were also weakly positively correlated with A. tsugae population score on axis 1. Many species of Aclastus are parasitoids of spider eggs (Finch 2005) . Predacious spiders are common on T. heterophylla in the PaciÞc Northwest (Halaj et al. 1998) . C. gastricus was not correlated with A. tsugae population score in either NMS ordination. Although speciÞc host records for C. gastricus are unknown, species of Charitopes have been reared from Hemerobiidae (Neuroptera) larvae (Carlson 1979) . Immature hemerobiids were also more abundant in samples from A. tsugae-infested trees at these Þve sites (Kohler et al. 2008) . Another genus of Ichneumonidae, Plectiscidea spp., was strongly negatively correlated with A. tsugae population score in the combined predator and parasitoid community analysis. Host records for Plectiscidea are also rare, but include fungus gnats (Diptera: Mycetophilidae) in the Czech Republic (Š edivy and Š evč ṍk 2003). The fungus gnat families, Mycetophilidae and Sciaridae, were commonly collected in our survey (G.R.K., unpublished data).
Two genera of diapriids, Aclista and Trichopria, were collected exclusively from A. tsugaeÐinfested trees at Þve sites; however, they were not positively correlated with A. tsugae population score in either NMS ordination. All known hosts of Aclista are fungivorous Nematocera (Diptera), although rearing records are rare (Nixon 1957 , Huggert 1979 . Aclista spp. were the second most abundant of the parasitoids that were associated with A. tsugae-infested trees at Þve sites; however, none of the Nematocera identiÞed in our predator study were predacious (Kohler 2007) . The host records of Trichopria include a broad range of brachyceran (Diptera) families, and some species are known to parasitize Syrphidae (Muesebeck 1979) .
Host records for some of the more abundant parasitoid genera collected in beat samples from T. heterophylla suggest that parasitoids may be an important cause of mortality to dipteran and neuropteran predators of A. tsugae. Our rearing observations and published host records discussed above suggest Pachyneuron spp. and Melanips sp. collected in the Þeld are parasitizing chamaemyiid and syrphid predators of A. tsugae. Telenomus spp. have been reared from green lacewing eggs of several Chrysopa spp. worldwide (Johnson and Bin 1982) . Green lacewings in the genera Chrysoperla and Chyrsopodes were collected from A. tsugaeÐinfested hemlocks in our predator survey (Kohler 2007 , Kohler et al. 2008 ). However, Telenomus spp. were negatively correlated with axis one and A. tsugae population score in Fig. 2 . Telenomus spp. are also egg parasitoids of Lepidoptera and Hemiptera (Johnson 1984; Orr et al. 1986 ). Telenomus spp. are considered important in population control of defoliating caterpillars, including hemlock looper (Lepidoptera: Geometridae) (Anderson 1976, Pelletier and Piché 2003) . Many species of Gelis are parasitoids of spider eggs, common predators on T. heterophylla in the PaciÞc Northwest (Halaj et al. 1998 , Finch 2005 .
Several genera of the most common parasitoids collected from T. heterophylla are likely parasitizing phytophagous taxa. Trissolcus spp., the most abundant parasitoids collected in our survey, are egg parasitoids of Heteroptera, including Pentatomidae (Hemiptera) (Buschman and Whitcomb 1980, Orr et al. 1986 ). Trissolcus spp. were negatively correlated with axis 1 and A. tsugae population score in Fig. 2 . Pentatomid nymphs and adults were commonly collected during our survey (G.R.K., unpublished data). There are no records of Trissolcus spp. attacking heteropteran predators such as Reduviidae and Miridae, both common predator families on T. heterophylla (Kohler et al. 2008) .
Leucopis argenticollis and L. atrifacies from the PaciÞc Northwest have potential as future A. tsugae biological control agents in the eastern United States (Kohler et al. 2008) . When establishing laboratory colonies of Leucopis spp., only Þeld-collected adults should be used to prevent contamination by Pachyneuron spp. and/or Melanips sp. parasitoids. P. altiscutum is native to eastern North America and has been reported to parasitize both native chamaemyiids and those introduced for A. piceae biological control in eastern Canada Clark 1956, Smith and Coppel 1957) . P. altiscutum was also considered a population regulator of N. obscura, a European chamaemyiid predator released for A. piceae biological control in New Brunswick, Canada (Balch et al. 1958 
